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1
METHOD FOR MODULATING AN OQAM
TYPE MULTI-CARRIER SIGNAL, AND
CORRESPONDING COMPUTER PROGRAM
AND MODULATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This Application is a Section 371 National Stage Applica-
tion of International Application No. PCT/FR2012/050401,
filed Feb. 27,2012, and published as WO 2012/117191 Al on
Sep. 7, 2012, in French, the contents of which are hereby
incorporated by reference in their entireties.

1. FIELD OF THE INVENTION

The field of the invention is that of digital communications.

More specifically, the invention pertains to the phase for
modulating OFDM/OQAM (Orthogonal Frequency Division
Multiplexing/Offset Quadrature Amplitude Modulation) or
BFDM/OQAM (Biorthogonal Frequency Division Multi-
plexing/OQAM) type multicarrier signals for which the car-
riers are shaped by a prototype filter.

The invention can be applied especially in the field of
wireless communications (DAB, DVB-T, WLAN, non-
guided optics, etc.), or wire-based communications (xDSL,
PLC, optical communications, etc.).

2. PRIOR ART

The techniques of multicarrier transmission have numer-
ous advantages, especially in the context of multipath chan-
nels. Thus, OFDM-type modulations are particularly well-
suited to countering the effects of fading in frequency-
selective channels.

However, these OFDM modulations have the drawback of
generating a multicarrier signal having poor frequency local-
ization and therefore require the introduction of a guard inter-
val into the time domain to limit interference. Now, the inser-
tion of such a guard interval reduces the spectral efficiency of
the multicarrier signal.

Alternative solutions have been proposed to limit interfer-
ence while removing the need to insert a guard interval. These
techniques rely on the shaping of the signal by filters (for a
discretized signal) or by functions (for a continuous signal),
called prototypes enabling better frequency localization
through properties of orthogonality restricted to the field of
the real values. These are for example OFDM/OQAM or
BFDM/OQAM type modulations, conventionally used for
radiofrequency communications as described especially in
the documents “Analysis of OFDM/OQAM systems based on
the filterbank theory”, P. Siohan and N. Lacaille, Proc.
GLOBECOM’99, Rio de Janeiro, Brazil, December 1999,
pp- 2279-2284, and “Design of BEDM/OQAM systems based
on biorthogonal modulated filter banks”, C. Siclet and P.
Siohan, Proc. GLOBECOM’00, San Francisco, USA,
November 2000, pp. 701-705.

FIG. 1 provides a more precise illustration of the scheme of
an OFDM/OQAM classic modulator delivering an OFDM/
OQAM multicarrier signal. Such a signal can be represented,
in baseband and in discrete time, in the following form:
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with:

a,, , as a data symbol with a real value to be transmitted on
a carrier m at the instant n;

M is the number of carrier frequencies;

N=M?/2 is a discrete time shift;

h[n] is the prototype filter used by the modulator, with a
length L;

D is the delay introduced by the prototype filter such that
D=L-1;

..., is a phase term chosen so as to achieve an alternation
between real part and imaginary part enabling orthogo-
nality, for example equal to

n
5(n+m).

As illustrated in FIG. 1, the data symbols a,,, ,, which carry
a real value undergo pre-processing or pre-modulation 11,
making it possible especially to ensure a quadrature opera-
tion, in time and in frequency, of the carriers of the multicar-
rier signal.

More specifically, during this pre-processing operation, the
real data symbols a,, , are multiplied by a first phase term
using 7/2, providing for a time and frequency phase shift of
the carriers of the multicarrier signal and by a second term
making it possible to take account of the length of the proto-
type filter. The data symbols obtained at output of this pre-
processing module, which are denoted as a can be
expressed in the following form:

P
mp 3

x
n =

These data symbols are then converted from the frequency
domain into the time domain, in classically using an inverse
discrete Fourier transform (IDFT) sized M in an IDFT mod-
ule 12. The transformed signals obtained at output of the
IDFT module 12, denoted as u, ,, to u, ., ,, are then filtered by
the prototype filter h[n] 13, then sub-sampled and offset to
obtain the OFDM/OQAM multicarrier signal s[k]. More spe-
cifically, the prototype filter h[n] can be expressed in its
polyphase form comprising M polyphase components G(z),
defined by:

Gy = ) hll+nM]c".

n

Furthermore, for an OFDM/OQAM type modulation, the
data symbols a,, ,,, at the symbol instant n and for the carrier
m, come from usual preliminary operations (not shown),
comprising the transformation of initial data in the form of a
binary string into Q-ary symbols. In the case of a quadrature
amplitude modulation QAM with a square constellation hav-
ing 22K states, where each state corresponds to a complex
value, this transformation is of a binary-to-2Kary type. For
example, for a 4-QAM operation, the four states are (1+1),
(1-1), (=141), (=1-1). Then, as in the context of an OFDM/
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OQAM transmission, the real and imaginary parts are pro-
cessed separately. This amounts to having a one-dimensional
constellation with K states, where each possible state corre-
sponds to a real value (1 or -1 for a 4-QAM for example). In
other words, the data symbols a,, ,, are the result of a PAM
(Pulse Amplitude Modulation) type of binary-to-Kary trans-
formation.

However, despite the gain offered by OFDM/OQAM type
modulations as compared with OFDM modulations at the
spectral efficiency level, because they make it possible to
remove the need for inserting the guard interval, OFDM
modulations are often preferred because they are simple to
implement.

In particular, the OFDM/OQAM modulation is more com-
plex than the OFDM modulation in terms of operational
complexity (i.e. in number of multiplications and additions).

Indeed, for a given number of sub-carriers and a fixed bit
rate that is identical for the data symbols of the two modula-
tion systems, the OFDM/OQAM modulation necessitates an
inverse discrete Fourier transform (IDFT) at the rate of the
real data symbols, i.e. at a rate that is twice that of the OFDM
modulation. The number of operations during IDFT per-
formed by the OFDM/OQAM modulator is therefore twice
that performed by the OFDM modulator to produce a same
number of multicarrier symbols at output of the modulator.

Furthermore, the OFDM/OQAM modulation requires a
shaping by a prototype filter, which gives rise to specific
operations. The OFDM modulator for its part uses a rectan-
gular filter which does not require any particular operations.
However, it can be noted that this cost of complexity is rela-
tively low for prototype filters of short length L (equal to
several times the number of carriers M).

There is therefore a need for a novel technique of modula-
tion to generate an OFDM/OQAM or BFDM/OQAM type
multicarrier signal having lower complexity than the tech-
niques of the prior art.

3. SUMMARY OF THE INVENTION

The invention proposes a novel approach that does nothave
all these drawbacks of the prior art in the form of a method of
modulation delivering an OQAM type multicarrier signal.

According to the invention, such a method implements a
step for the transformation, from the frequency domain to the
time domain, of a set of M real data symbols delivering M
transformed symbols, called a complete transformation step,
comprising the following sub-steps:

applying a partial Fourier transform to the set of M real data

symbols delivering a first subset of C transformed sym-
bols with C being strictly smaller than M;

obtaining, from the first subset, a second subset of (M-C)

transformed symbols complementary to said first subset.

The invention thus proposes a novel technique of OFDM/
OQAM modulation or BFDM/OQAM type modulation,
more generally called OQAM, having lower complexity than
the prior art techniques.

More specifically, the invention proposes the computation
solely of a part of the outputs of a frequency/time transfor-
mation module in using a partial Fourier transform type algo-
rithm and the deducing of the remainder of the outputs of the
frequency/time transformation module from the first outputs
computed.

In this way, the number of classically performed operations
(multiplications, additions) is considerably reduced.

According to one particular characteristic of the invention,
the first and second subsets have an identical size. In other
words, C=M/2.
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Thus, during the first sub-step, half of the outputs of the
frequency/time transformation module, corresponding for
example to the upper half of the outputs of this module, are
computed and, during the second sub-step, the other half of
the outputs of the frequency/time transformation module,
corresponding in this example to the lower half of the outputs
of this module, are obtained.

For example, the first subset comprises the transformed
symbols associated with the outputs of said complete trans-
formation step having a same-parity index.

In particular, if we consider a classic inverse fast Fourier
transform of the split radix type implementing a decimation
in frequency as described especially by P. Duhamel and H.
Hollmann in “Implementation of “split-radix”’ FFT algo-
rithms for complex, real, and real symmetric data”, “Acous-
tics, Speech, and Signal Processing”, IEEE International
Conference ICASSP *85., vol. 10, April 1985, pp. 784-787,
the input indices of the transform are in the natural order and
the output indices are in a different order known as a “bit
reversal” order. In this case, for an even-parity M-sized trans-
form, the M/2 first outputs have even-parity indices. It is
therefore possible to implement a partial Fourier transform
enabling the computation of only outputs with even-parity
indices.

Thus, the first sub-step according to the invention imple-
ments for example a split-radix type partial IFFT implement-
ing a decimation in frequency enabling the computation of
only the first half of the outputs of the frequency/time trans-
formation module delivering a first subset comprising only
the outputs with even-parity indices. The second sub-step
then makes it possible to deduce the outputs with odd-parity
index from the outputs with even-parity index. A “split radix”
algorithm of this kind has the advantage of great speed.

Naturally, other frequency/time transformation algorithms
can also be implemented, such as the one proposed by
Cooley-Tukey in “An Algorithm for the Machine Calculation
of Complex Fourier Series”, Math. Computat., 1965. Such
algorithms can indeed be implanted more easily in electronic
components than the “split radix” algorithm.

According to one particular characteristic, the method of
modulation according to the invention comprises a step of
pre-processing of the real data symbols implemented prelimi-
narily to said complete transformation step.

A pre-processing step of this kind, also called a pre-modu-
lation step, implements a multiplication of the real symbols
by a phase term

(),

making it possible to ensure a /2 phase shift in time of the
OQAM multicarrier signal. It also carries out a multiplication
by a term taking account of the length of the prototype filter

(ZNefjgmg;TIY ),

making it possible to account of the causality of the prototype
filter as well as ensuring a 7t/2 phase shift in frequency of the
carriers. A modulator implementing the method of modula-
tion according to the invention is therefore physically achiev-
able, since it is based on the use of a causal prototype filter.
Inparticular, the step for obtaining determines a first part of
the second subset from a first part of the first subset, in using
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a first mathematical relationship, and determines a second
part of the second subset from a second part of the first subset,
in using a second mathematical relationship, the first and
second parts of the first subset, and of the second subset
respectively, being complementary.

For example, if we consider that the first subset comprises
the outputs with even-parity index and the second subsets
comprise the outputs with odd-parity index, the first half of
the outputs with even-parity index are used to obtain the first
half of the outputs with odd-parity index from a first math-
ematical relationship, and the second half of the outputs with
even-parity index are used to obtain the second half of the
outputs with odd-parity index from a second mathematical
relationship.

According to a first aspect, with L as an even-parity value
(D as an odd-parity value), we consider an ODFM/OQAM or
BFDM/OQAM type modulator with a delay parameter D=.—
1, and a prototype filter with a length L. equal to gM+2p, with
q and p being integers such that =0 and O<p=M/2-1 and M
is divisible by 4. Two cases are then to be considered. In the
first case, it is assumed that O=p=M/4-1 and the following
relationships can then be used to deduce the second subset
from the first subset:

first mathematical relationship: pz,,5, 51, =(=1)"0%;,

for an integer k such that O<k=M/4+p-1 and
second mathematical relationship: Usp/,, 4y, ~(-1)
"0 3 0paspin TOF an integer k such that O<k=M/4-p-1
with:
u,, ,, a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

El

* the conjugate operator.

In the second case where L is an even-parity value, it is
considered this time that M/4<p<M/2-1, and the following
relationships can then be used to deduce the second subset
from the first subset:

first mathematical relationship: u,, rz5 5 1, =(=1)"u*;,

for an integer k such that O<k=p-M/4-1 and

second mathematical relationship: ., , , =(-1)"

U*,, a2k TOr an integer k such that O<k<3M/4-p-1,

According to a second aspect, with D as an odd-parity
value, if we consider a BFEDM/OQAM type modulator with a
delay parameter D<L-1, such that D=qM+2p-1, with L
being the length of the prototype filter, q and p being integers
such that q=0 and O<=p=M/2-1, and M divisible by 4, two
cases are then to be considered. In the first case, it is assumed
that O<p=M/4-1 and the following relationships can be used
to deduce the second subset from the first subset:

first mathematical relationship: pn,5, 5 1, =(=1)"u%;,

for an integer k such that O<k=M/4+p-1 and

second mathematical relationship:  Usppy,, 4 1,~

(=1)"u™30p44p+,» fOr an integer k such that O<k<M/4-
p-1.

In the second case where L is an even-parity number, it is
considered this time that M/4<p<M/2-1, and the following
relationships can then be used to deduce the second subset
from the first subset:

first mathematical relationship: u,, rz5 51, =(=1)"u*;,
for an integer k such that O<k=p-M/4-1 and
second mathematical relationship:  u,, ;. ,~(-1)"
U*, atr24a fOr an integer k such that O<k<3M/4-p-1,
It is thus possible to use the invention in modulators having
delays D strictly smaller than [.-1.
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According to a third aspect, we consider the particular case
of a BFDM/OQAM type modulator with a delay parameter
D<L~1, such that D=gqN-1, with q=2q'+1, q' is an integer, M
is divisible by 2, and of a linear phase prototype filter with a
length L.
In this particular case, a single mathematical relationship
can be used to deduce the second subset from the first subset:
Ups g, —(=1)"0*,, for an integer k such that O<k=M/2-1.
Furthermore, in this particular case of a linear phase filter,
the method of modulation according to the invention com-
prises a phase of polyphase filtering of M transformed sym-
bols implementing polyphase components such that G,(z)=
779G, | (z) for O<k=M/2-1.
In other words, the outputs of the frequency/time transfor-
mation module are conjugate in sets of two, and the polyphase
components of the prototype filter are para-conjugate in sets
of two.
It is therefore possible to use this symmetry to reutilize a
part of the results of the multiplications arising at different
instants of filtering, and thus reduce the complexity of the
filtering.
The invention also pertains to a computer program com-
prising instructions to execute the steps of the method for
modulating described here above when said program is
executed by a computer.
Indeed, the method of the invention can be implemented in
various ways, especially in wired form or in software form.
In another embodiment, the invention pertains to a modu-
lator delivering an OQAM type multicarrier signal.
According to the invention, such a modulator comprises
means of transformation, from the frequency domain into the
time domain, of a set of M real data symbols into M trans-
formed symbols, comprising:
means of partial transformation of the set of M real data
symbols, implementing a partial Fourier transform and
delivering a first subset of C transformed symbols with C
strictly smaller than M;

means for obtaining, from the first subset, a second subset
of M-C) transformed symbols complementary to the
first subset.

A modulator of this kind is especially adapted to imple-
menting the method of modulation described here above. Itis
for example an OFDM/OQAM or BFDM/OQAM modulator
present in a transmission sequence.

This modulator could of course comprise the different
characteristics pertaining to the method of modulation
according to the invention, which can be combined or taken in
isolation. Thus, the characteristics and advantages of this
device are the same as those of the method described here
above. It shall therefore not be described in more ample
detail.

4. LIST OF FIGURES

Other features and advantages of the invention shall appear
more clearly from the following description of a particular
embodiment given by way of a simple illustratory and non-
exhaustive example and from the impended figures, of which:

FIG. 1 described with reference to the prior art presents a
classic OFDM/OQAM modulation scheme;

FIG. 2 illustrates the main steps of the method of modula-
tion according to the invention;

FIGS. 3 and 4 present an inverse fast Fourier transform
algorithm of a “split-radix” type;

FIG. 5 illustrates the principle of reduction of complexity
at the level of the polyphase filtering;
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FIG. 6 presents the simplified structure of a modulator
implementing a technique of modulation according to one
particular embodiment of the invention.

5. DESCRIPTION OF ONE EMBODIMENT OF
THE INVENTION

5.1 General Principle

The general principle of the invention relies on a particular
implementation of the operation of transformation from the
frequency domain to the time domain in an OFDM/OQAM or
BFDM/OQAM modulator used to limit the complexity of this
operation.

To this end, the invention proposes the computation, in a
classic way, of only one part of the output coefficients output
from this transformation operation, forming a first subset, and
to deduce the other part of the output coefficients, forming a
second subset, from this first subset.

FIG. 2 provides a more precise illustration of the main
steps implemented by a method of modulation according to
the invention, delivering an OFDM/OQAM or BFDM/
OQAM type multicarrier signal. Said method can especially
be implemented in an OFDM/OQAM modulator as described
in the above-mentioned document: P. Siohan and N. Lacaille,
“Analysis of OFDM/OQAM systems based on the filterbank
theory”, or in a BFDM/OQAM type modulator as described
in the above-mentioned document: C. Siclet and P. Siohan,
“Design of BEDM/OQAM systems based on biorthogonal
modulated filter banks”.

According to the invention such a method implements a
step of transformation 22, from the frequency domain to the
time domain, of a set of M real data symbols delivering M
transformed symbols, called complete transformation sym-
bols. It can be implemented in the modulator illustrated in
FIG. 1, by implementing a complete transformation step 22
according to the invention in the IDFT module 12.

These Mreal data symbols, denoted as a,,, ,,, can undergo a
pre-processing prior to the transformation operation 22 in a
pre-processing module 11 as illustrated in FIG. 1, used espe-
cially to provide for a time and frequency quadrature of the
carriers of the multicarrier signal obtained at output of the
modulator and to take account of the length of the prototype
filter. Using the same notations as those defined with refer-
ence to the prior art, the symbols obtained at output of this
pre-processing module are denoted as a, 7, where,

mup

i _EmPN
ah, = amp@2"2Ne 2N

in particular, we have M=2N.

The complete transformation step 22 according to the
invention implements two sub-steps:

a first sub-step 221 implementing a partial Fourier trans-
form on the set of M real data symbols, delivering a first
subset of C transform symbols with C strictly smaller
than M;

a second sub-step 222 for obtaining, from the first subset, a
second subset of (M-C) transformed symbols, comple-
mentary to the first subset.

It can be noted, as can be seen in FIG. 3, that the indices of
the transformed symbols obtained at output of the complete
transformation step 22 are not necessarily classified in the
natural order but have undergone a bit reversal.

For example, the first subset comprises C=M/2 trans-
formed symbols denoted as ug,,, Us s Uy s - - - 5 Upgs . The
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second subset, which is complementary to the first subset,
then comprises M—C=M/2 transformed symbols, denoted as
Uy Us e - o5 Upgg o

Indeed, the inventors have shown that there are mathemati-
cal relationships between the different outputs of the fre-
quency/time transformation module of an OFDM/OQAM or
BFDM/OQAM modulator. As a consequence, according to
their research, it is no longer necessary to compute all the
outputs of this module but possible to compute only a part
thereof and to deduce the other part from these computations.
Thus, the redundancy of the pieces of information output
from a classic frequency/time transformation module is made
use of so as not to compute all its outputs according to the
invention.

These mathematical relationships between the different
outputs of the transformation module are especially dueto the
fact that the data symbols a,, , are real and to the particular
phase term

iTn _iTaPN
el e 2N

present at each instant n at the input m of the frequency/time
transformation module.

The invention thus reduces the complexity of the operation
of transformation from the frequency domain to the time
domain, whether it is implemented by a “split radix” type
algorithm or an equivalent algorithm such as the inverse fast
Fourier transform algorithm proposed by Cooley-Tukey in
the above-mentioned document.

5.2 Case of the OFDM/OQAM Modulator

A) First Example of an Application: L=qM

Here below, we describe a first example of an application of
the invention, considering an OFDM/OQAM type modulator
having a prototype filter, the length L. of which is a multiple of
the size of the frequency/time transformation M, i.e. L=qM,
with q as an integer, and M divisible by 4.

In this case, if we consider a classic IFFT type frequency/
time transformation for example, we have, for any positive

integer n and for k as an integer such that O<k=M/4-1:
P DN omk
Uy, = €2 Z Gppe /2N &M
m=0
M-1
k. T 2gN-1-N . mk
ukn:e"inz pne 2" N W
m=0
M-1
i mq T T gtk
Uy, = €2 Z Gmn(—1)"e’ 2 & 2N &
m=0

More specifically, the following relationships are obtained
between the values of the first half of the outputs of the IFFT:

M-1
ks o D-N ., m(Mj2-1-k)
sn —jEm=Y jopMAMLET —k)
Unp-iin = €2 Z Gmne 2" N & 17
m=0
ﬂanl 7j77rm,2jzﬂiﬂ jom e iontik
U1k = €2 Z A€ 2 N ™MV e T
m=0
M-1
iin P CALL L L .03
uM/Z—lfk,n:uk,n:@lz Z Oy (=1l 2 e 2N e M
m=0
upgpr-1-km = (=10,
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where the operator * corresponds to the conjugate operator
The following relationship is also written:

;3mm ST %

&1 =(m).

For any positive integer n and for k as an integer such that
0<k=M/4-1, we obtain the following relationships between
the values of the second half of the outputs of the [FFT:

xS DN mBMA-1k)
USM j4-1—kn = €2 Z ampe 127N el o
m=0
o M _m 2aNTIN S 2w ook
UsM ja—1—kn = €2 Z Ay 2 N e 2Me VM e M
m=0
M-1
i g TR ok
UM ac1—tn = €2 Z Amp(—1Y" e NP M
m=0
and:
o M DN mEM )
Usntjarin = €2 Z ampe ’27 N e M
m=0
o Mol o 2aNoIN ATk
Usntjarin = €2 Z Uppe?2 N M
m=0
= g G itk
Usptdein = €2 Z O (=128 &7 W
m=0
Usrtjarkn = (=1 "Uipppa 1 4m

Consequently, if we consider the relationships Uyz,_;_z,,~
(=D"v¥,, and Uspp,,=~(=1)"0*3504 14y, it is enough
according to the invention to:

compute a first subset of outputs (v, and Uz ;_z,,, Tor

0<k=M/4-1) during the first sub-step 221,
deduce therefrom the second subset of outputs (Upzm_;_z,
and Uspz,z,,» Tor OsksM/4-1), complementary to the
first subset during the second sub-step 222 in using the
above-mentioned relationships,
to thus obtain all the outputs of the frequency/time transfor-
mation step 22.

According to this example, it is thus enough to compute
half of the outputs in using a partial or pruned Fourier trans-
form (pruned IFFT) during the first sub-step 221 to obtain, at
the end of the second sub-step 222, all the outputs of the
frequency/time transformation step 22.

An efficient way of implementing the invention consists in
computing, during the first sub-step 221, the outputs of the
frequency/time transformation step 22 having same-parity
indices. With this choice, no data is lost since the above-
mentioned relationships enable the outputs with different
parity indices to be linked two by two (for example if M
equals 8 the output u, , with odd-parity index is linked to the
output ug ,, with even-parity index according to the equation
uM/2—1—k,n:(_l)nu*k,n)'

By way of an example, we consider an OQAM multicarrier
modulator implementing a frequency/time transformation
with a size M equal to 32, as illustrated in FIG. 3.

If we consider the “classic” case implementing an IFFT
using a split radix type algorithm, M outputs are computed
from M inputs corresponding to the indices 0 to 31. Such an
algorithm is expressed by an operational complexity corre-
sponding to M log, M-3M+4 real multiplications and 3M
log, M-3M+4 real additions.
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According to the invention, rather than computing these M
outputs, solely the first half of the outputs, corresponding to
the outputs with even-parity indices, are computed. By using
the above-mentioned relationships, it is then possible to
deduce the second half of the outputs corresponding to the
outputs with odd-parity indices since the above-mentioned
relationships make it possible to link the outputs having dif-
ferent parity indices in sets of two.

This principle of reduction of complexity also applies if we
consider a prototype filter with a length L.=(2q+1)N. Indeed,
in this case, the relationships between the different parity
outputs are always verified but between different indices.

B) Second Example of Application: L=qM+q,

Here below, we describe a second example of application
of the invention, considering an OFDM/OQAM modulator
having a prototype filter, the length of which is more gener-
ally of the form L.=qM+q,, with q and q, being integers such
that =0 and 0=ql1=M-1, and M is divisible by 4.

We then consider first of all the case where ql is an even-
parity value.

We can then write L=qM+2p, with, in a first case O=p=M/
4-1.

In this case, if we develop a computation similar to that
developed for the first example, for any positive integer n and
for k as an integer such that O<k=M/4+p-1, we have:

g M1 m m m(k—p)
lon = 7S a1y T S

m=0

We therefore obtain the following relationships between
the values of the first half of the outputs of IFFT:

x M) 3rm_am mk—p)
T L mm _am o mp)
Uptp2pk-1p = €2 Z U (~1"9e) T e VI 90
0
unpe2p-i-1n = (=10,

For any positive integer n and for k as an integer such that
O<k=M/4-p-1, we obtain the following relationships
between the values of the second half of the outputs of the
IFFT:

M-1

= Ly 5 i
U3 fdt prin = € (= 1)
m=0
-?{anl g~ ok
Ustasp—i—in = €2 Z Oy (=1Y"e™V2N eI
m=0
w3t p—i—1n = (=LY s pion
As a consequence, considering the relationships
_ 71 sk _ 7
uM/2+2p_k_1,n*(—l) U and usM/4+p_k_1,n*(—l)

U*3 0144 psiss 1 18 €nough according to the invention to:

compute the first subset of the outputs (v, for Osk=M/4+
p-1,and U3, s, for O<ksM/4-p-1) during the first
sub-step 221;

deduce therefrom a second subset of the outputs
(Uag212p—t—1,, TOr O<k=sM/44+p-1 and U3pp4,, 4, fOr
O<k=M/4-p-1) complementary to the first subset during
the second sub-step 222 in using the above-mentioned
relationships,
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to thus obtain all the outputs of the frequency/time transfor-
mation step 22.

It is also possible to write L=qM+2p, with, in a second case
M/4=p=M/2-1.

In this case, if we develop a computation similar to the
previous one for any positive integer n and for k an integer
such that O<k=p-M/4-1, we have:

M-1

x,
Uy, = &2 Z

m=0

'ﬂﬁl)
(= 1y el’s o 2

We therefore obtain the following relationships between
the values of the first half of the outputs of the IFFT:

M-1

i3n g JER I ,z,r!{lez,,M/Z k=1)
Wop- M2kl = €2 Z Apn(~1Y"e T eI eI
0
M-1
it m(p k)
T, )
Wap-Mppk—1p = €2 Z G (=1 ™ i e IZNeI
=0
trp Mp2i-1a = (=11,

For any positive integer n and for k as an integer such that
0<k=3M/4-p-1, we obtain the following relationships
between the values of the second half of the outputs of the
IFFT:

M-1

x et M/
Uopri-Mpn = €2 Z (=179l T T T &
m=0
M-1
X m(p+k)
Uaprkott/an =e12n2 G ( 1)mqe I 2 eIZN ej?.ﬂ
m=0
And
a M) . PCUEES
Un -1 kn = €2 Z G (—1) 96l ¢~ 5 e
m=0
x ) . i)
Up_pn = €2 Z (=1 e i e
m=0
pg-1-kn = (130 pp2n
As a consequence, considering the relationships

Uspagramiem1 (— 10, and Upr g, = (=1)0%5, a0 U
is enough according to the invention to:

compute a first subset of the outputs (v, for Osk=p-M/4-

1, and v, _azs , Tor O<k<=3M/4-p-1) during the first
sub-step 221;
deduce therefrom a second subset of the outputs
Usp_pr2tt,, for Osk=p-M/4-1 and w,,, ., for
0<k=3M/4-p-1) complementary to the first subset dur-
ing the second sub-step 222 in using the above-men-
tioned relationships,
to thus obtain all the outputs of the frequency/time transfor-
mation step 22.

According to this example, it is thus enough to compute
half of the outputs in using a partial Fourier transform during
the first sub-step 221 to obtain, at the end of the second
sub-step 222, all the outputs of the frequency/time transfor-
mation step 22.
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Again, it is observed that the above-mentioned relation-
ships enable the outputs with different parity indices to be
linked in sets of two.

As described with reference to the first example, an effi-
cient way of implementing the invention consists in comput-
ing, during the first sub-step 221, the outputs of the frequency/
time transformation step 22 having same-parity indices, for
example the outputs with even-parity indices, and then, from
this value, deducing the outputs with odd-parity indices.

The principle of reducing complexity, applied to the case
where the length of the prototype filter is a multiple of the size
of'the transformation operation (L=qM) according to the first
example, therefore remains valid when L=qM+2p.

This principle of reduction of complexity is implemented
differently when q, is an odd-parity value.

Indeed, in this case, itis possible to write L=qM+2p+1, and
the outputs of the transformation module can be expressed in
the following form for O<k<M-1:

M-1

m=0

mk—p)
G n(— 1)'"‘7@’ 7 T

As proposed in the patent FR-97 08547 filed on Jan. 7,
1997 and entitled “Method and device for modulating a mul-
ticarrier signal of the OFDM/OQAM type, and correspond-
ing demodulation method and device”, the outputs of the
transformation module can be obtained by means of an IFFT
taking at input real values (a,,,(-1)"?), and by applying a
circular permutation to the output. This permutation is a cir-
cular leftward shift by M/4-p if O=p=<M/4-1 and a circular
rightward shift by p-M/4 if M/4<p=<M/2-1. In other words, if
we take the case where O=p=M/4-1, the output of the IFFT
corresponding to the index O replaces the output correspond-
ing to the index M/4—p, the output corresponding to the index
1 replaces the output corresponding to the index M/4-p+1,
etc.

In this case, the reduction of complexity comes from the
fact of the possibility of using an IFFT on the real and non-
complex inputs. In using a split-radix type algorithm as pre-
sented here above, the operational complexity is therefore
reduced by half.

It can also be noted that the previous expression takes
account of the length of the prototype filter and therefore
makes it possible to directly obtain a causal result, which is
not the case in the above-mentioned patent.

5.3 Case of the BFDM/OQAM Modulator

The method according to the invention can also be imple-
mented in a BFDM/OQAM modulator for which the proto-
type filters used in transmission and in reception can be dif-
ferent. The principle of reduction of complexity, described
here above for the OFDM/OQAM orthogonal case, can there-
fore also be applied to the bi-orthogonal case.

In this case, the delay parameter D, used at input of the
frequency/time transformation module, is more flexible and
can be such that D=<[.-1, with L being the length of the
prototype transmission filter.

A)D=L-1

If we consider first of all a delay such that D=L-1, we
obtain at output of the frequency/time transformation module
the relationships defined here above in the second example of
application if q, is an even-parity number, namely:

”M/2+2p7k71,.:(— y'u*;,, for OsksM/A+p-1

Uspgarp-i-1n=~ 1) U* 3041 pr i fOT OsksM/A-p-1.

with O=p=M/4-1.
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And for the second case when M/4=p=M/2-1

U pgr2——1 =~ 1)'tt%;., for Osk=p-M/A-1

Ungo g =~ 1) U™ s i_at2 5 TOT Osh=3M/A—p-1

B) D<L-1

If the delay is such that D<LL-1, these relationships differ,
depending on the form of the delay.

More specifically, we write D=qM+q,-1, and study the
different cases:

if q, is an even-parity number, then the delay has the form

D=qM+2p-1 and the relationships defined here above in
the second example of application where L=qM+2p are
found again;

if q, is an odd-parity number then the delay has the form

D=qM+2p and the relationships defined here above in

the second example of application when L=qM+2p+1

are found again. Two cases are to be considered

according to the interval of values of p.

a. If 0=p=M/4-1, the outputs of the transformation
module can be obtained by using a real transforma-
tion followed by a circular leftward permutation by
M/4-p;

b. If M/4=p=<M/2-1, the outputs of the transformation
module can be obtained by using a real transforma-
tion followed by a rightward circular permutation
by p-M/4.

By way of an example, we consider a BFDM/OQAM type
modulator implementing a linear phase prototype filter in
transmission having a length L. and a delay D strictly smaller
than L-1.

If the delay has the form D=qM+2p-1, with

2p =

then in using the equations of section 5.3 B), we obtain a
relationship between the outputs having indices k and M-1-k
of the frequency/time transformation module.

More specifically, for the second case where M/4=p<3M/
4-1, the first relationship obtained for O<k=p-M/4-1 leads to
an impossible case (O<k=-1), and it therefore cannot be
applied. By contrast, the second relationship obtained for
0=k=3M/4-p-1 applies and leads to u.,;_;,~(-1)"
U o g, (=10, Tor Osk=M/2-1.

Consequently, considering the relationship u,,_;_;,,=(-1)
"u*, ,, is enough according to the invention to:

compute a first subset of the outputs (uy,, for Osk=M/2-1)

during the first sub-step 221;
deduce from this a second subset of the outputs (u,, ,_,,
for 0=<k=M/2-1), complementary to the first subset, dur-
ing the second sub-step 222, in using the above-men-
tioned relationship,
to thus obtain all the outputs of the frequency/time transfor-
mation step 22.

C) Simplification of Polyphase Filtering

Once again, the description is situated in the context of a
BFDM/OQAM modulator implementing a linear phase pro-
totype filter in transmission having a length L, the delay of
which is chosen such that D=qN-1, with g=2q'+1 and q' as an
integer.

It may be recalled that classically the polyphase compo-
nents G,(z) of the prototype filter h[n] are defined by
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G = ). hll+nM1z™"

n

However, since the prototype filter in transmission is a
linear phase filter, it is deduced therefrom that its polyphase
components can be expressed in the following form for
0<k=M/2-1:

G2y T DGy 427,

The polyphase components are therefore para-conjugate.
The implementing of this polyphase filter can then be simpli-
fied. The use of this symmetry makes it possible to halve the
number of multiplications to be performed for a prototype
filter.

More specifically, the outputs of the frequency/time trans-
formation module are linked by the relationship u,,_;_ ,,~(-
u*, . The outputs of the frequency/time transformation
module are therefore conjugate in sets of two and filtered by
para-conjugate polyphase components. It is therefore
deduced therefrom that there are multiplications that are com-
mon but at different instants of filtering. The number of these
common multiplications during the filtering is equal to half of
the overall multiplications and therefore it is possible to halve
the number of multiplications during this phase.

It is necessary however to note that an additional memory
is needed to store the multiplications at each instant of filter-
ing.

FIG. 5 provides a more precise illustration of the use of
such a memory.

By way of an example, we consider only two outputs uy,
andu,, ,_, ,ofthemathematical transformation module 22 at
two different instants 2n and 2n+1. We also consider a proto-
type filter with a length L=qM=2M. Each polyphase compo-
nent G,(z) is therefore formed by two coefficients (h(0) and
h(1)). It can be noted that the multiplication by a zero coeffi-
cient is linked to the filtering which is done at a double rate by
G (z%).

According to this example it is noted that, at the output of
the component G,(z*) of the polyphase filter, the following
filtered symbols are obtained:

uk,znh(o) 5uk,2n+lh(0) auk,znh( 1 auk,2n+lh( 1

At the output of the component G,, , ,(z°) from the
polyphase filter, the following filtered symbols are obtained:

u*anh(l)a u*k,2n+lh(1)> u*k,2nh(0)a u*k,2n+lh(0)

Indeed, it may be recalled that the outputs of the frequency/
time transformation module are linked by the relationship
Uy s, (—1)'u*,, and the polyphase components are
linked by the relationship G (z)=z"“"VG,,,_(z™"), for
0<k=M/2-1.

There is therefore a redundancy in the information to be
computed and the filtering complexity can be reduced by half.
More specifically, it is possible to compute the filtered sym-
bols v, ,,h(0), v, ,,,,h(0), v*,, h(1) and v*, , h(l) and
store them in a memory 51 and then use this memory to
determine the filtered symbols u, ,,h(1), uy 5,,,;h(1), u*; , h
(0) and u* 5,,,,h(0).

In other words, if we consider a prototype filter with a
length L.=qM and a delay D=q'N-1, with q'=2q"+1, and q"<q,
the number of complex multiplications is equal to 2qM (in-
stead of 4qM).

5.3 Modification of the Phase Term

In the examples presented here above in the case of an
OFDM/OQAM or BFDM/OQAM modulation, the phase
term was chosen such that
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n
G = E(m +n) + enmn,

Naturally, the invention can also be applied for a phase °

term such that

o
P = 5 (m+1).

with ee{0,1,-1}.

More generally, the phase term ¢,, ,, can be chosen so that
the phase difference between a position (m,n) of the time/
frequency plane and the four closest neighboring positions
{(m+1,n),(m~1,n),(m,n+1),(m,n-1)} is equal to /2.

5.4 Performance in Terms of Complexity

As presented in the examples here above, it is enough to
compute a first subset of outputs of the frequency/time trans-
formation module to obtain all the outputs of this module. For
example, it is enough to compute the outputs with even-parity
index of the frequency/time transformation module.

By using the principle of pruning or partial transform, it is
therefore possible to reduce the complexity of most of the
IFFT type fast algorithms that are used in practice to imple-
ment this frequency/time transformation.

By way of an illustration, reference is made again to FIG.
3 in order to illustrate the method proposed in the case of the
split radix IFFT algorithm of the decimation-in-frequency
(DIF) type.

It can be recalled first of all that:

for a transformation sized M=2", we have r computation

stages. According to the example illustrated in FIG. 3,
there are five computation stages (M=32 and r=5);

the computations necessary at each stage comprise com-

plex additions and multiplications which are symbolized
by the repetitive structure of FIG. 3 in with a butterfly
shape, with the notations illustrated in FIG. 4, where

2
Wy =W

for one IFFT and

Wy =e/n

for an FFT;

for this DIF type algorithm, the outputs with even-parity

index are obtained at the upper part of the IFFT.

As already indicated, it is enough according to the inven-
tion to compute the outputs with even-parity index of the
frequency/time transformation module (giving M/2 first out-
puts) to be able to obtain all the outputs of the transformation
module whether the module considered is an OFDM/OQAM
modulator or a BFDM/OQAM modulator.

It is shown here below that the operating cost for a pruned
IFFT with a size M is reduced to that of a non-pruned IFFT
with a size M/2 plus M/2 complex additions. This can be
verified by sight in FIG. 3 where it can be seen that it is
possible to eliminate the entire lower half classically used to
compute the outputs with odd-parity index.

The following demonstration is applied to an FFT but can
be deduced dually for an IFFT.
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More specifically, for a temporal sequence x(m) with
m=0, ..., M-1, the FFT is given by:

M-1
Xty= )" xmWik,
m=0
.21
for k=0,... ,M—1,with Wy =e/¥.

According to the document “Implementation of “split-ra-
dix” FFT algorithms for complex, real, and real symmetric
data” mentioned here above, this equation can be broken
down in the following form:

Mj2-1
X(2k) = Z (xm) + x(m + M [2)Wik,
m=0
MJA-1
X@+1)= > [xelm) + i)W Wity
m=0
Mia-1
X(@+3)= Y [eelm) - i m)]Wi Wis,
m=0

with xg(m) = (x(m) — x(m + M /2)) and
xi(m) = (x(m+M[4) —x(m+3M [4).

This decimation in frequency enables the breakdown of an
FFT sized M into an FFT sized M/2 and two FFTs sized M/4.
It can be noted that, at each breakdown, the computation of
the odd-parity frequencies has a cost of:

M/2-4 complex multiplications (the multiplication by
W,/ and W, ™ form={0,M/8}), where a complex mul-
tiplication M., is equivalent to two real multiplications
M, and three real additions A,, and

two multiplications by the eighth root of unity, where each
multiplication is equivalent to two real multiplications
M, and two real additions A,.

It can be noted that it is preferable to compute the even-
parity frequencies because they require fewer computations
than the odd-parity frequencies.

According to the equation of the FFT expressed in the form
(X(2k),X(4k+1), X(4k+3)), the cost for computing the even-
parity frequencies is equivalent to computing an FFT sized
M/2 (i.e. only the coefficients X(2k)) as well as M/2 complex
additions to obtain the inputs of this FFT (x(m)+x(m+M/2),
form=0, ..., M/2-1).

Now it is known that the complexity for computing an FFT
sized M in using the “split radix” type algorithm is equal to
(Mlog, M-3M+4) real multiplications and (3M log, M-3M+
4) real additions.

Hence, computing an FFT sized M/2 with M/2 complex
additions at the input instead of an FFT sized M reduces the
complexity from (M log, M-3M+4) to (M/2)log, M-2M+4)
real multiplications giving a gain of over 50%, and from (3M
log, M-3M+4) to ((3M/2)log, M-2M+4) real additions, giv-
ing again a gain of over 50%.

In dual manner, computing a partial IFFT sized M/2
according to the invention instead of an IFFT sized M accord-
ing to the prior art reduces the complexity from (M log,
M-3M+4) to (M/2)log, M-2M+4) real multiplications and
from (3M log, M-3M+4) to ((3M/2)log, M-2M+4) real
additions.
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5.5 Structure of the Modulator
Finally, referring to FIG. 6, we present the simplified struc-
ture of an OFDM/OQAM or BFDM/OQAM modulator
implementing a technique of modulation according to an
example of application described here above.
Such a modulator comprises a memory 61 comprising a
buffer memory, a processing unit 62 equipped for example
with a microprocessor uP, and driven by the computer pro-
gram 63 implementing the method of modulation according
to the invention.
At initialization, the code instructions of the computer
program 63 are loaded for example into a RAM and then
executed by the processor of the processing unit 62. The
processing unit 62 inputs M real data symbols a, . The
microprocessor of the processing unit 62 implements the
steps of the method of modulation described here above,
according to the instructions of the computer program 63 to
perform a transformation, from the frequency domain into the
time domain, of the data symbols delivering transformed
symbols u,, . To this end, the modulator comprises, in addi-
tion to the buffer memory 61, means of partial transformation
of the set of M real data symbols, implementing a partial
Fourier transform and delivering a first subset of C trans-
formed symbols, with C strictly smaller than M, and means
for obtaining, from the first subset, a second subset of (M-C)
transformed symbols, complementary to the first subset.
These means are driven by the microprocessor of the pro-
cessing unit 62.
The invention claimed is:
1. A method of modulation delivering an OQAM type
multicarrier signal, comprising:
implementing by a modulator device a step of transforma-
tion, from the frequency domain to the time domain, of
a set of M real data symbols delivering a set of M
transformed symbols, called a complete transformation
step,
said complete transformation step comprising the follow-
ing sub-steps performed by the modulator device:

applying a partial Fourier transform to the set of M real data
symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and
obtaining, from said first subset, a second subset of (M-C)
transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols, wherein obtaining determines a first part of said
second subset from a first part of said first subset, in
using a first mathematical relationship, and determines a
second part of said second subset from a second part of
said first subset, in using a second mathematical rela-
tionship, and wherein said first and second parts of said
first subset, and said second subset respectively are
complementary,
wherein, for a prototype filter with a length L. equal to
qM+2p, with q and p being integers such that q=0 and
0=p=M/2-1 and M divisible by 4,

if O=p=M/4-1, then said first mathematical relationship is
expressed in the form .., 41, =(=1)"u;,*, for an
integer k such that O<k=<M/4+p-1 and

said second mathematical relationship is expressed in the

form Wsppg,, 11, (=1 V304,40, TOr an integer k
such that O<k=M/4-p-1,

else if M/4=p=<M/2-1, then said first mathematical rela-

tionship is expressed in the form U,, rpm 4 1,~
(-1)"u,,*, for an integer k such that Osk=p-M/4-1 and
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said second mathematical relationship is expressed in the
form uy, 4y, =(=1)"0s,_aps.1,," for an integer k such that
0<k=3M/4-p-1,
with:
u,,, a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;
* the conjugate operator.
2. The method of modulation according to claim 1, wherein
said first and second subsets have an identical size.
3. The method of modulation according to claim 1, wherein
said first subset comprises the transformed symbols associ-
ated with the outputs with same-parity index of said complete
transformation step.
4. The method of modulation according to claim 1, wherein
the method comprises a step of pre-processing said real data
symbols implemented preliminarily to said complete trans-
formation step.
5. A method of modulation delivering an OQAM type
multicarrier signal, comprising:
implementing by a modulator device a step of transforma-
tion, from the frequency domain to the time domain, of
a set of M real data symbols delivering a set of M
transformed symbols, called a complete transformation
step,
said complete transformation step comprising the follow-
ing sub-steps performed by the modulator device:

applying a partial Fourier transform to the set of M real data
symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and
obtaining, from said first subset, a second subset of (M-C)
transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols, wherein obtaining determines a first part of said
second subset from a first part of said first subset, in
using a first mathematical relationship, and determines a
second part of said second subset from a second part of
said first subset, in using a second mathematical rela-
tionship, and wherein said first and second parts of said
first subset, and said second subset respectively are
complementary,
wherein, for a prototype filter with a length [L and a delay
parameter D strictly smaller than I.-1, such that D=qM+
2p-1, with L being the length of the prototype filter, q
and p being integers such that q<0 and O=p=M/2-1, and
M divisible by 4,

if O=p=M/4-1 then said first mathematical relationship is
expressed in the form Uy5,5, 41, ~(=1)"u,,*, for an
integer k such that O<k=M/4+p-1 and

said second mathematical relationship is expressed in the

form Uspsiaup—i1,= (=1 Usppaspir,,™ fOr an integer k
such that O<k=M/4-p-1,
else if M/4=p=<M/2-1, then said first mathematical rela-
tionship is expressed in the form v, 0 sy, ~(-1)"
u,,,*, for an integer k such that Osk=p-M/4-1 and

said second mathematical relationship is expressed in the
formu,, ;. =(=1)"0s,,1_as2,, foraninteger k such that
O<k=3M/4-p-1,

with:

u,, , a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

* the conjugate operator.
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6. The method of modulation according to claim 5, wherein
said first and second subsets have an identical size.
7. The method of modulation according to claim 5, wherein
said first subset comprises the transformed symbols associ-
ated with the outputs with same-parity index of said complete
transformation step.
8. The method of modulation according to claim 5, wherein
the method comprises a step of pre-processing said real data
symbols implemented preliminarily to said complete trans-
formation step.
9. A method of modulation delivering an OQAM type
multicarrier signal, comprising:
implementing by a modulator device a step of transforma-
tion, from the frequency domain to the time domain, of
a set of M real data symbols delivering a set of M
transformed symbols, called a complete transformation
step,
said complete transformation step comprising the follow-
ing sub-steps performed by the modulator device:

applying a partial Fourier transform to the set of M real data
symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and

obtaining, from said first subset, a second subset of (M-C)

transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols,

wherein, for a linear phase prototype filter with a length L.

and a delay parameter D strictly smaller than [.-1, such
that D=qM/2-1, with q=2q'+1, q' an integer and M is
divisible by 2,

said step of obtaining determines said second subset from

said first subset, in using the mathematical relationship:

uM—l—k,n:(_l)nuk,n*a
for an integer k such that O<k<M/2-1
with:
u,, ,, a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

* the conjugate operator;

and wherein the method comprises a step of polyphase
filtering of said M transformed symbols by using said
prototype filter implementing polyphase components
such that G (z)=2"9"VG,, ,_(z"") for 0<k=M/2-1

10. The method of modulation according to claim 9,
wherein said first and second subsets have an identical size.

11. The method of modulation according to claim 9,
wherein said first subset comprises the transformed symbols
associated with the outputs with same-parity index of said
complete transformation step.

12. The method of modulation according to claim 9,
wherein the method comprises a step of pre-processing said
real data symbols implemented preliminarily to said com-
plete transformation step.

13. A modulator device for performing a modulation,
delivering an OQAM type multicarrier signal, the modulator
device comprising:

means for implementing a transformation, from the fre-

quency domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation,

said means for implementing the complete transformation

comprising:
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means for applying a partial Fourier transform to the set of
M real data symbols delivering a first subset of C trans-
formed symbols of said set of M transformed symbols
with C being strictly smaller than M; and
means for obtaining, from said first subset, a second subset
of (M-C) transformed symbols of said set of M trans-
formed symbols, said second subset of (M-C) trans-
formed symbols being the subset complementary to said
first subset of C transformed symbols of said set of M
transformed symbols, wherein obtaining determines a
first part of said second subset from a first part of said
first subset, in using a first mathematical relationship,
and determines a second part of said second subset from
a second part of said first subset, in using a second
mathematical relationship, and wherein said first and
second parts of said first subset, and said second subset
respectively are complementary,
wherein, for a prototype filter with a length L. equal to
qM+2p, with q and p being integers such that q=0 and
O=p=M/2-1 and M divisible by 4,

if O=p=M/4-1, then said first mathematical relationship is
expressed in the form U5, 5, 41, ~(=1)"u,,,*, for an
integer k such that O<k=M/4+p-1 and

said second mathematical relationship is expressed in the

form sy, g1, (=1 Uspga,,.,"s Tor an integer k
such that O<k=M/4-p-1,

else if M/4=p=<M/2-1, then said first mathematical rela-

tionship is expressed in the form w,, p/5 1y, =*(-1)"
u,,,*, for an integer k such that Osk=p-M/4-1 and
said second mathematical relationship is expressed in the
form vy, 4y, =(=1)"Us,_ago,s,.", Tor an integer k such that
0<k=3M/4-p-1,
with:
u,, , a transformed symbol associated with the output with
index m of the complete transformation at an instant n;

* the conjugate operator.

14. A modulator device for performing a modulation,
delivering an OQAM type multicarrier signal, the modulator
device comprising:

means for implementing a transformation, from the fre-

quency domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation,

said means for implementing the complete transformation

comprising:

means for applying a partial Fourier transform to the set of

M real data symbols delivering a first subset of C trans-
formed symbols of said set of M transformed symbols
with C being strictly smaller than M; and

means for obtaining, from said first subset, a second subset

of (M-C) transformed symbols of said set of M trans-
formed symbols, said second subset of (M-C) trans-
formed symbols being the subset complementary to said
first subset of C transformed symbols of said set of M
transformed symbols, wherein obtaining determines a
first part of said second subset from a first part of said
first subset, in using a first mathematical relationship,
and determines a second part of said second subset from
a second part of said first subset, in using a second
mathematical relationship, and wherein said first and
second parts of said first subset, and said second subset
respectively are complementary,

wherein, for a prototype filter with a length [L and a delay

parameter D strictly smaller than I.-1, such that D=qM+
2p-1, with L being the length of the prototype filter, q
and p being integers such that q=0 and O=p=M/2-1, and
M divisible by 4,
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if O=p=M/4-1 then said first mathematical relationship is
expressed in the form w5 5, 5 ,,~(-1)"u. %, for an
integer k such that O<k=<M/4+p-1 and

said second mathematical relationship is expressed in the

form Uspm,, g1, (=1 Usppa, 01", TOr an integer k
such that O<k=M/4-p-1,
else if M/4=p=<M/2-1, then said first mathematical rela-
tionship is expressed in the form v, a4y, ~(=1)"
u,,*, for an integer k such that O<k=p-M/4-1 and

said second mathematical relationship is expressed in the
form vy, g, =(=1Y"0s,,4 as0,," for an integer k such
that O<k=3M/4-p-1,

with:

u,, , a transformed symbol associated with the output with
index m of the complete transformation at an instant n;

* the conjugate operator.

15. A modulator device for performing a modulation,
delivering an OQAM type multicarrier signal, the modulator
device comprising:

means for implementing a transformation, from the fre-

quency domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation,

said complete transformation comprising:

applying a partial Fourier transform to the set of M real data

symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and

obtaining, from said first subset, a second subset of (M-C)

transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols,

wherein, for a linear phase prototype filter with a length L.

and a delay parameter D strictly smaller than [.-1, such
that D=qM/2-1, with q=2q'+1, q' an integer and M is
divisible by 2,

said obtaining determines said second subset from said first

subset, in using the mathematical relationship:

uM—l—k,n:(_ 1)"”k,n* >

for an integer k such that O<k<M/2-1
with:
u,, ,, a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

* the conjugate operator;

and means for polyphase filtering of said M transformed
symbols by using said prototype filter implementing
polyphase components such that G (z)=z"9"VG,, ,_,
(zh) for Osk=M/2-1.

16. A non-transitory computer-readable medium compris-
ing a computer program stored thereon, which comprises
instructions to perform a method of modulation delivering an
OQAM type multicarrier signal, when said program is
executed by a processor of a modulating device, wherein the
instructions configure the modulating device to perform the
following acts:

implementing a transformation, from the frequency

domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation step,

said complete transformation step comprising the follow-

ing acts:

applying a partial Fourier transform to the set of M real data

symbols delivering a first subset of C transformed sym-
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bols of said set of M transformed symbols with C being
strictly smaller than M; and
obtaining, from said first subset, a second subset of (M-C)
transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols, wherein obtaining determines a first part of said
second subset from a first part of said first subset, in
using a first mathematical relationship, and determines a
second part of said second subset from a second part of
said first subset, in using a second mathematical rela-
tionship, and wherein said first and second parts of said
first subset, and said second subset respectively are
complementary,
wherein, for a prototype filter with a length L. equal to
qM+2p, with q and p being integers such that q=0 and
O=p=M/2-1 and M divisible by 4,

if O=p=M/4-1, then said first mathematical relationship is
expressed in the form vy, 1, ~(=1)"u,*, for an
integer k such that O<k=M/4+p-1 and

said second mathematical relationship is expressed in the

form Wspg,p i1, (=1 Vsppa0pn,”s TOr an integer k
such that O<k=M/4-p-1,

else if M/4=p=<M/2-1, then said first mathematical rela-

tionship is expressed in the form vy, 5 4, =*(-1)"
u,,,*, for an integer k such that Osk=p-M/4-1 and
said second mathematical relationship is expressed in the
form vy, 4y, =(=1)"Us,_ago.s,", Tor an integer k such that
0<k=3M/4-p-1,
with:
u,, , a transformed symbol associated with the output with
index m of the complete transformation at an instant n;

* the conjugate operator.

17. A non-transitory computer-readable medium compris-
ing a computer program stored thereon, which comprises
instructions to perform a method of modulation delivering an
OQAM type multicarrier signal, when said program is
executed by a processor of a modulating device, wherein the
instructions configure the modulating device to perform the
following acts:

implementing a transformation, from the frequency

domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation step,

said complete transformation step comprising:

applying a partial Fourier transform to the set of M real data

symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and

obtaining, from said first subset, a second subset of (M-C)

transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols, wherein obtaining determines a first part of said
second subset from a first part of said first subset, in
using a first mathematical relationship, and determines a
second part of said second subset from a second part of
said first subset, in using a second mathematical rela-
tionship, and wherein said first and second parts of said
first subset, and said second subset respectively are
complementary,

wherein, for a prototype filter with a length [L and a delay

parameter D strictly smaller than I.-1, such that D=qM+
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2p-1, with L being the length of the prototype filter, q
and p being integers such that q=0 and O=p=M/2-1, and
M divisible by 4,

if O=p=M/4-1 then said first mathematical relationship is
expressed in the form .., 41, =(=1)"u;,*, for an
integer k such that O<k=<M/4+p-1 and

said second mathematical relationship is expressed in the

form Uspm,, a1, (=1 Usppa, 02,5 TOr an integer k
such that O<k=M/4-p-1,
else if M/4=p=<M/2-1, then said first mathematical rela-
tionship is expressed in the form vy, sz 5, ~(-1)"
u,,,*, for an integer k such that Osk=p-M/4-1 and

said second mathematical relationship is expressed in the
form vy, g, =(=1Y"05,,4 as0,," for an integer k such
that O<k=3M/4-p-1,

with:

u,, ,, a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

* the conjugate operator.

18. A non-transitory computer-readable medium compris-
ing a computer program stored thereon, which comprises
instructions to perform a method of modulation delivering an
OQAM type multicarrier signal, when said program is
executed by a processor of a modulating device, wherein the
instructions configure the modulating device to perform the
following acts:

implementing a transformation, from the frequency

domain to the time domain, of a set of M real data
symbols delivering a set of M transformed symbols,
called a complete transformation step,
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said complete transformation step comprising:

applying a partial Fourier transform to the set of M real data
symbols delivering a first subset of C transformed sym-
bols of said set of M transformed symbols with C being
strictly smaller than M; and

obtaining, from said first subset, a second subset of (M-C)
transformed symbols of said set of M transformed sym-
bols, said second subset of (M-C) transformed symbols
being the subset complementary to said first subset of C
transformed symbols of said set of M transformed sym-
bols,

wherein, for a linear phase prototype filter with a length L.
and a delay parameter D strictly smaller than [.-1, such
that D=qM/2-1, with q=2q'+1, q' an integer and M is
divisible by 2,

wherein said obtaining determines said second subset from
said first subset, in using the mathematical relationship:

uM—l—k,n:(_l)nuk,n*a
for an integer k such that O<k=M/2-1
with:

u,.,a transformed symbol associated with the output with
index m of the complete transformation step at an instant
n;

* the conjugate operator;

and a polyphase filtering of said M transformed symbols by
using said prototype filter implementing polyphase
components such that G (z)=2"9"YG,, ,_(z") for
O<k=M/2-1.



